ing algorithm is proposed for restoration of images that are highly corrupted by impulse noise. 
Introduction
During image acquisition or transmission, digital images could be contaminated by impulse noise. Two common types of impulses are the salt-and-pepper noise and the random-valued noise [1, 2] . For image corrupted by saltand-pepper impulse noise, the noisy pixels can take only the maximum and the minimum value in the dynamic range. For 8-bit pixel, the maximum value is 255 and the minimum value is 0. In the literature, a large number of algorithms have been proposed to remove impulse noise while preserving image details [1, 2, 3, 4, 5, 6, 7, 8, 9] .
One of the most popular and robust nonlinear filter is the standard median filter (SMF) [1] , which exploits the rank-order information of pixel intensities within a filtering window and replaces the center pixel with the median value. Conventional median filtering approaches apply the median operation to each pixel without considering whether it is uncorrupted or corrupted, thus the impulse noise is removed at the expense of blurred and distorted features. Improved filtering algorithms employ an impulse-noise detector to determine which pixels should be filtered, hence only those pixels identified as "corrupted" would undergo the filtering process, while those identified as "uncorrupted" would remain intact. The adaptive median filter (AMF) [2] ensures that most of the impulse noise can be detected even at a high noise level provided that the window size is large enough. But, it increased the computation complexity especially at high density impulse noise. The convolution-based impulse Step (a): The input image X ij is first convolved with a set of convolution kernels. Here, four one-dimension Laplacian operators shown in Fig. 1 are used, each of which is sensitive to edges in a different orientation [3] . Then, the average absolute value of these four convolutions (denoted as rij) is used for impulse detection, which can be represented as:
where K t is the t th kernel and ⊗ denotes a convolution operation. We compare r ij with a threshold T to determine whether a pixel is corrupted,
If α ij = 1, then the pixel X ij is marked as noise candidate; otherwise the pixel X ij is noise-free. A reasonable threshold T can be determined as follows: Consider an example of a 3 × 3 window (i.e., W = 3 × 3), in which four thresholds µ k , k = 0, 1, 2, 3, are needed. The median of the absolute deviations from the median (M AD),
bust estimate of dispersion [12] . Specifically the thresholds are described as
Here parameter s(> 0) varies for different images degraded with different noise ratios, & is also observed empirically that good results could be obtained using 0 ≤ s ≤ 0.6, in suppressing impulse noise for various images.
Hence due to the robustness of the algorithm, the determination of the thresholds is simplified to the adjustment of parameter s.
Step By sorting all the elements a 0 , a 1 , a 2 , a 3 , a 4 ,a 5 , a 6 , a 7 and a 8 in ascending order, we get a sorted sequence: b 0 ,
If X ij satisfies the following cases, the pixel will be considered a noise-free pixel and retain its value:
Case 2:
Case 3:
Step(c): After these procedures, we can find the corrupted pixels from the noisy image based on the following remarks:
1. Case 1 indicates that X ij is not an extreme value.
2. Case 2 indicates that X ij is not a salt impulse noise.
3. Case 3 indicates that X ij is not a pepper impulse noise. So, X ij is not a noise candidate and it will be retained on original value. 4. If X ij does not satisfy Cases 1-3, the pixel will be regarded as a noisy pixel. So, X ij is replaced by the mean of noise free pixels within the window.
Experimental results
In this experiment, we choose some typical images to as- Extensive simulations show that our algorithm converges with S = 2 iteration for noise density below 30%, with S = 4 iterations for noise density from 40% to 70%, and with S = 5 iterations for density higher than 80%. Fig. 1 
Conclusion
In this paper, a new algorithm for impulse detection and filtering is proposed. The proposed algorithm can not only achieve better image quality, but also have shorter computation time. Extensive simulations reveal that the proposed algorithm provides better performance than many of the existing switching median filters in terms of noise suppression and detail preservation. The proposed algorithm shows stable performance across a wide range of noise densities varying from 10% to 90%, and is suitable for real-time implementation since it uses a fixed 3 × 3 window for filtering processing. 
